The increasing need for better healthcare is one of the fiercest challenges faced by both developed and developing countries. The aging population has led to shortage of specialists in the medical field, depriving remote and underprivileged areas of better healthcare. The advances in information and communication technologies offer hope of technologies that have a great potential to reduce mortality and morbidity while improving the healthcare service delivery. Telemedicine is a magnificent tool that bridges the gap between the specialists and patients, bringing specialty care to the location of the patient in life time. In this paper, a comparative review of some of the existing telemedicine architectures has been presented. It is followed by solutions for some ongoing challenges in Wireless Multimedia Sensor Network (WMSN) considering telemedicine applications. Finally a WMSN enabled telemedicine architecture integrated with a 4G wireless cellular network is proposed.
INTRODUCTION
Recently there has been a prominent growth in wireless communication, networking and sensing technologies and they are merging to provide new and evolving technologies like WMSNs. A WMSN can be considered as a network of wirelessly interconnected sensors capable of ubiquitously retrieve video and audio streams, still images as well as physical data from the environment. A WMSN is made up of video and audio sensors, scalar sensors, multimedia processing hubs, storage hubs, sink and a gateway. There are typically three different reference architectures for WMSNs; namely: a) single-tier flat, homogeneous sensors, distributed processing, centralized storage; b) single-tier clustered, heterogeneous sensors, centralized processing, centralized storage; c) multitier, heterogeneous sensors, distributed processing, distributed storage [1] . Wireless Sensor Networks (WSNs) were initially developed for military application but currently they are being utilized for civil purposes, a number of applications have been developed; they include traffic monitoring, habitat sensing and seismic monitoring, person locator service in fire detection and tracking application, efficient industrial process control, and telemedicine among others. The main focus of this paper is to cover and compare various telemedicine centric WMSN architectures, highlight underlying challenges and propose a new architecture.
TELEMEDICINE
Telemedicine is a growing application of WMSN, it is neither a technology nor a separate medical specialty, but an application. The World Health Organization has adopted the description of Telemedicine as "The delivery of health care services, where distance is a critical factor, by all health care professionals using information and communication technologies for the exchange of valid information for diagnosis, treatment and prevention of disease and injuries, research and evaluation, and for the continuing education of health care providers, all in the interests of advancing the health of individuals and their communities" [2] . Telemedicine is sometimes referred to as telehealth and telecare. The core benefit of telemedicine is saving and assuring patients" access to care when they need it and when time is critical for diagnosing and treating serious conditions. Telemedicine can be mainly classified into three categories: Store and forward telemedicine, remote monitoring telemedicine and real-time (live) telemedicine [3] . In store and forward telemedicine, medical data and images are retrieved from the patient using medical sensors, and then sent through a secure connection to a medical specialist who examines the data and gives the recommendation. Medical data may include EEG, ECG, EMG, EOG and ERG signals, heart beat rate, and blood pressure, and the medical images may include CT, SPECT, MRI and PET. Store and forward telemedicine is very important in many medical situations, for example in reading a pediatric EEG, this EEG is complex, due to the uniqueness of the electrical signals from the baby"s brain and it requires a specialist to interpret it, who may not be available locally. In Remote monitoring telemedicine, medical data is collected periodically and continuously from the patient and integrated automatically into the patient care record. It allows long-term care and trend analysis by monitoring vital signs of a patient remotely using various technological devices. It"s primarily used for monitoring chronic diseases, thus reducing the length of hospital stay. Live telemedicine involves video conferencing between the patients and the specialist doctor [3] . This is usually facilitated by a two way interactive television (IATV).
The following section gives a comparative discussion on some of the existing architectures for telemedicine.
OVERVIEW AND COMPARISON OF THE EXISTING ARCHITECTURES
There are several wireless healthcare researches and projects that have been designed to provide continuous patient monitoring in hospital and during disaster management, real time collection of medical data in-house assisted-living as well as mobile monitoring. The following section gives an overview and comparison of the exiting architectures of wireless medical sensor networks. These include MEDiSN, CodeBlue, MASN, AlarmNet and MobiCare.
MEDiSN
MEDiSN [4] was designed at John Hopskin University, especially for patients" monitoring in hospital and during disaster events. It consists of multiple Physiological Monitors (PMs) which are battery-powered motes that are equipped with sensors for measuring patients" physiological data such as ECG, pulse rate, blood oxygen level etc. PMs temporarily store collected measurements and transmit them after encrypting and signing them. MEDiSN architecture incorporates distinct Relay Points (RPs) which self organize into bidirectional wireless trees connecting the PMs to one or more Gateways. Traffic flowing in both directions is protected using hop-by-hop retransmissions that counter the effects of packet collisions and corruptions. PMs can be mobile while the RPs are stationary in fixed positions. RPs can use the electricity grid in hospital deployments, while in disaster events batteries can power RPs for multiple days. Figure 1 shows an illustrative overview of MEDiSN architecture [5] . 
CodeBlue
CodeBlue [6] is a research project on medical sensor network developed at the Harvard University Sensor Lab. In this architecture, medical sensors are placed on the patient"s body to sense medical data and transmit it wirelessly to the medical care givers for further analysis. It is based on a publish/subscribe routing framework, allowing multiple sensor devices to relay data to all receivers that have registered an interest in that data. This communication model fits naturally with the needs of medical applications where a number of caregivers may be interested in sensor data from overlapping groups of patients. Figure 2 shows an illustrative overview of CodeBlue architecture [5] . 
MASN
The robust Medical Ad hoc Sensor Network (MASN) is a practical hardware and software platform developed at Rochester Institute of Technology, USA [7] . It was designed to perform real-time collection of medical data. MASN adopts a reliable cluster-based communication scheme as its routing protocol for transmitting data. MASN consists of large amount of wireless ECG communication units. Each unit is called a ""mobile platform"". These mobile platforms are essentially the wearable ECG devices that would be placed on the patients in order to offer continuous monitoring of the patients" vital signs . Figure 3 shows an illustrative overview of MASN architecture [7] . 
AlarmNet
A Wireless sensor networks for assisted-living and residential monitoring was developed at the University of Virginia, integrates environmental and physiological sensors in a scalable, heterogeneous architecture [8] . A query protocol allows real-time collection and processing of sensor data by user interfaces and back-end analysis programs. Figure 4 shows an illustrative overview of AlamNet architecture [5] . Figure 5 shows an illustrative overview of MobiCare architecture [5] . 
CHALLENGES FACED
There are several challenges faced by WMSN applications, they include: QoS requirements, scalable and flexible architectures and protocols to support heterogeneous applications, localized processing and data fusion, energy efficiency design, reliability and fault tolerance, multimedia coverage, high bandwidth demand, and more [1] . Many researches have focused on power consumption, but our main concern in this paper is the high bandwidth demand required for video and audio streams in live telemedicine. The following section discusses a promising solution for bandwidth hungry WMSN enabled telemedicine applications.
UWB AS A SOLUTION
The real-time video conferencing makes telemedicine application a high bandwidth hungry application of WMSN. UWB is a recently approved low power and high speed, shortrange wireless communication standard based on IEEE 802.15.3, oriented to high-bandwidth multimedia links [10] . A comparison between UWB and Zigbee, another promising technology for wireless sensor network applications is presented in the Table 2 . 
Low Electromagnetic Radiation
Low electromagnetic radiation is one of the notable features of UWB that makes it viable for telemedicine application. As a result, it has proved to be harmless to human body and has almost no detrimental effect on the environment [11] . It makes UWB suitable for health care applications.
Coexistence and Reduced Interference
At the same time UWB can coexist with other wireless technologies due to its low power spectral density. This feature prevents interference on other wireless services.
Tackling High Bandwidth Demand
Telemedicine application involves real-time video conferencing between the patient and the specialist to allow proper diagnosis, the video conferencing requires a high bandwidth for multimedia streaming, and this demand can be met by UWB technology. As seen in Table 2 , the data rate of UWB is 2000 times higher than that of Zigbee. To maintain acceptable QoS, Zigbee cannot support many devices due to the low data rate. For example in [12] , 24Kbps was taken as the required data rate for ECG monitoring application, but Zigbee can at best provide 240Kbps, implying that a maximum of 10 devices could be connected. Again, at least 640Kbps is required to allow high quality diagnostic video stream (MPEG-4 format) and a minimum 768 kbps for Normal diagnostic video(MPEG-2 format), these data rates cannot be provided by Zigbee devices, UWB can support many devices using the "peer to peer" mechanism [12, 13] while utilizing the available data rates. This makes UWB a viable solution for high bandwidth demand in live telemedicine application.
PROPOSED ARCHITECTURE
The structure of our proposed architecture shown in Figure 6 is created by integrating a WMSN with a 4G cellular network. The WMSN provides a platform for acquiring medical data from the patients and sends it through a 4G based wireless cellular network to the specialist for analysis and diagnosis. The architecture is made up of cameras, speakers, interactive television, different biomedical sensors (handheld and wearable devices), local storage server and a gateway. Biomedical sensors include digital stethoscope for measuring the heartbeat, ophthalmoscope and others. It provides realtime consultation and continuous monitoring of the patients physiological data regardless of location provided the location has a 4G wireless network coverage needed for the multimedia streaming for transmitting the required data to the specialist at a distant location.
The 4G cellular network provides the long range telemedicine facilities between the specialist and patient's healthcare center, thus providing global services.
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How it Works
The proposed architecture supports heterogeneous networking. Using UWB network, it forms an island of sensors (WMSN), and these different sensors collect the required data from the patient depending on the telemedicine type (i.e. live, store and forward, monitoring telemedicine). The medical data is processed (compressed, encrypted, etc) and then it is sent to the gateway (the only IP addressable component of the WMSN) and it"s also stored locally in the storage server. The gateway provides the connectivity and integration with the WiMAX network. The WiMAX network transmits the data over a long communication range to the specialist in another area. The data is received at the specialist side, the data is checked if it"s valid and then after it can be processed (decrypted, decompressed), Then the data can be analyzed and then used for diagnosis and treatment.
Distinctive Features
The architecture offers an automatic process for accomplishing tasks.

The first feature is the monitoring vital signs of a patient with a chronic disease are collected periodically, processed and saved into the patient"s medical record locally. For some special cases, for example a stroke patient, a camera is also used in monitoring. If the readings recorded deviates from the safety margin, an alert will be sent to the doctor. A biometric scheme will also be used to identify the patient and authentic data.
The second feature of the system is the live telemedicine; Face to face consultation is carried out using the interactive workstation, the physiological data of the patient is measured on real-time from the patient for analysis using wireless hand held devices like digital otoscope, digital stethoscopes, ophthalmoscope, laryngoscope, nasolaryngoscope then the appropriate treatment can be recommended by the specialist.
CONCLUSION
WMSN has already gained major attention of the research community due to its wide range of applications. This paper provides an overview and detailed comparison of several renowned existing telemedicine architectures. A study of some of the existing challenges faced by WMSN applications, comparison of UWB and Zigbee, hence solutions to the high bandwidth demand in live telemedicine are also offered. Moreover, a new telemedicine architecture has been proposed that integrates WMSN with 4G cellular network to allow global services. The architecture incorporates monitoring of the physiological data of the patient and a video conferencing facility for face-to-face consultation between the patient and the specialist.
